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Introduction
Quantile measures of risk, like Value at Risk (VaR) are one of the widely-used risk measures due to the recommendation of the Basel Committee on Banking Supervision. This measure is also used in evaluating investment risk on the stock exchange. Quantile measures are used to analyse risk in emerging markets; the results of the research can be found in the paper of ATILGAN and DEMIRTAS (2013) . Moreover, these measures function as the criterion of optimisation when choosing a securities portfolio (MAGHYEREH, AWARTANI 2012) . Quantile measures are also used to assess investment risk on the commodity market (HAMMOUDEH et al. 2013) . Also, relatively recently there were trials to use quantile measures to estimate risk at value of conditional volatility models. According to the authors of this approach, such models, despite their significant complexity, estimate VaR more precisely than the classic methods (e.g. GIOT, LAURENT 2003 , ANGELIDIS et al. 2004 , SO, YU 2006 .
In order to judge the efficiency of managing investment funds a modified Campbell measure of efficiency is used (CAMPBELL et al. 2001) . Efficiency ratios of investment portfolio management are used to compare investment portfolios with regard to profitability and risk. These measures evaluate a particular investment portfolio in term of expected profit and the degree of risk-free investments as well as the general situation in the market. A classic efficiency ratio of portfolio management is the Sharpe ratio, in which the excess of realised rate of return over the risk-free rate is referred to the risk measured with standard deviation (SHARPE 1966) . Other popular efficiency ratios are based on the systematic risk of Jensen's Alpha (JENSEN 1968 ), Treynor's ratio (TREYNOR 1965 ) or M2 (MODIGLIANI 1997 . In the case of the Polish capital market, an interesting analysis of the management effectiveness of the funds can be found in PIETRZYK 'S article (2014) . In his work 12 mutual fund were analysed. The topic of this research was market timing and the stock selection abilities of fund managers. A comprehensive analysis of the effectiveness of A. Rutkowska-Ziarko, P. Garsztka investment fund management, yet excluding quantile measures, can be found in the work of ZAMOJSKA (2012) .
The research aims to outline changes in the return of sales, risk and the management efficiency of particular fund types, depending on the situation in the financial markets. Further, various results obtained with different methods of VaR estimation were compared. The basic division of estimation methods came down to the use of backtesting and a method based on APARCH type of conditional volatility models. In the method of backtesting it is assumed that each observation has the same probability.
The aim of the research is to compare quantile risk and the efficiency of managing selected investment funds in various phases of stock market condition. It may be assumed that in a period of growth, aggressive funds are best-managed, whereas in a period of decline cash and bond funds are better.
Selected concepts of VaR and CVaR
Quantile measures can be estimated on the basis of the distribution function of certain theoretical distributions which are usually assumed as normal distributions. Other estimation methods are based on the method of backtesting, where the model of distribution is not taken into account. It is assumed that each observation in the past occurs with the same probability
In the classical approach, the value at risk (VaR) is understood as such a loss of market value of financial instrument that the probability of its occurrence, or exceeding in a planned period, equals the desired, close to zero tolerance level of h:
where: P t -refers to instrument price in a moment t.
VaR may refer not only to the valuation level of a financial instrument in a given moment t, but also to the rate of return obtained in period t. Calculations in this article were carried out for rates of return, therefore, R t denotes rate of return on a financial instrument. This rate can be treated as random variable, then VaR is α-quantile of its distribution, which is presented in the following equation:
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Usually the left tail of distribution of return rates is analysed, assuming the probability on the level not higher than 0.1. As rates of return on financial instruments take on negative values in the bottom quantile, minus in the equation above means that estimation of VaR is usually obtained as positive value.
Another risk measure originating from VaR is Conditional Value at Risk (CVaR), which is defined as conditional expected value of return rates on a financial instrument provided that the rate of return takes on values lower than α-quantile. CVaR, corresponds with the medium level of loss, if the level of loss exceeds VaR, it can be written as:
where:
Var(α,R t ) -denotes value at risk for rate of return R t and tolerance level α.
However, "classic" value at risk, as defined within equation (1) and (2) is not without faults. The most important fault involves the lack of fulfilling the condition of subadditivity, which means that VaR is not a coherent measure in the perspective of ARTZNER et al. (1999) . In empirical studies (ROCKAFELLAR, URYASEV 2002) other faults of this risk measure were also pointed out. Conditional value at risk (CVaR) meets the condition of coherence and, therefore, in application (for instance, in portfolio analysis) this measure is more attractive than classic VaR (e.g. ROCKAFELLAR, URYASEV 2000 , QUARANTA, ZAFFARONI 2008 , LIM et al. 2011 .
To estimate VaR calculations of conditional volatility were obtained with the use of conditional volatility models. This approach allows the inclusion of asymmetry in the conditional distributions of rates of return. As discussed above, this is to assure greater precision of VaR estimations. In this case, to determine the risk measure, estimations of volatility from the model and quantiles of adjusted distributions of innovation are used. Value at risk in period t is then estimated on the basis of conditional distributions of rates of return if provided with information available until moment t -1, and is defined as:
where: Ω t-1 -stands for the whole information available which determines the rate of return. In this article, to estimate VaR a model from the group of generalised models of autoregressive conditional heteroskedasticity APARCH (1, 1) (DING, GRANGER, ENGLE 1993) with the following specification:
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where: δ > 0, -1 < γ < 1, ϖ, θ, β -are model parameters.
In the aforementioned equations
where: E(R t ⎜ Ω t-1 ) -is estimated with the use of models ARMA(n,m), represented as
i=1 j=1 and variables Y t are IID with mean 0. Such action is justified as all analysed time series were stationary in the sense of standard ADF test of unit root occurrence. Symbol σ t which occurs in equation (5) refers to conditional standard deviation, and ε t is a sequence of independent variables with the same distribution of mean 0 and variance 1. In the case where the model parameters recognize certain specific values, the APARCH model (5) is reduced to one of the seven simple conditional variance models (see DING, GRANGER, ENGLE 1993) . In the present, research it is assumed that ε t can have normal distribution, Student's-t distribution or skew Student's-t distribution. On the basis of estimations from model (5) and (7), VaR forecast is estimated using the following formula:
where: F ε -1 (α) -stands for α-quantile from a probability distribution of ε t variable, whereas μ t⎮t-1 and σ t⎮t-1 mean one-period forecasts of conditional expected value and volatility respectively.
To distinguish from risk measures represented by formula (2) and (3), quantile risk measures estimated on the basis of models of conditional volatility (5) and conditional expected value (7) 
Campbell measure of risk and efficiency
A classic measure of portfolio management efficiency is the Sharpe ratio. It constitutes a premium for risk per unit of total risk, expressed with standard deviation:
s p where: Sh S (p) -the Sharpe ratio for portfolio p, R t (p) -mean rate of return for portfolio p, R f -mean risk-free rate of return, s p -standard deviation of rate of return for portfolio p. The higher the value of this ratio, the better a particular investment fund is managed. Generally, the value of the Sharpe ratio for a particular investment portfolio is compared with the value of this ratio as a market index. If the value of the Sharpe ratio is higher than the value of the market index, it suggests that the fund is being managed efficiently.
Sortino modified the Sharpe ratio by replacing standard deviation with semi-deviation (SORTINO, SATCHEL 2001, p. 63) . In a similar way, by using downside risk measures, one may modify other efficiency ratios for managing investment portfolio and obtain their downside counterparts (MISHRA, RAHMAN 2001 , BACON 2008 . CAMPBELL et al. (2001) in their study suggested VaR-based risk measure of portfolio investment. W(0) stands for investment value in the initial moment of time and VaR(α,R p ) denotes VaR for rate of return on portfolio p. In the study, risk measure is used as:
where: R f refers to risk-free rate available on the market. Bearing in mind the result obtained in (10), a counterpart of the Sharpe ratio is constructed:
where: R t (p) -is the expected rate of return on investment in portfolio p (in the article, fund is identified with portfolio) in a moment of time t. Formula (11) informs of the expected profit from investment over the risk-free rate with regard to the A. Rutkowska-Ziarko, P. Garsztka risk involved. As observed by CAMPBELL et al. (2001) , in constructing the optimal portfolio maximizing ratio (11), the size of the initial capital does not have any impact on the choice of the optimal portfolio and, consequently, it does not influence evaluation of portfolio management efficiency performed with ratio (11). Therefore, in this article, a slightly simpler risk measure is proposed:
with the same markings. Formula (12) was placed in formula (11) as denominator. Moreover, in this research, while estimating downside portfolio management efficiency ratios, VaR as well as CVaR were used in analogy to equation (12).
Empirical research
The quantile risk measures discussed in the article are estimated for fifteen selected investment funds managed by three investment fund companies operating in Poland. These funds have a varied declared levels of risk, and, as a result, a different structure of assets. Among them, are distinguish stock funds locating capital in the stocks of companies listed on foreign stock markets, including the Russian stock market; balanced funds, and also funds of financial instruments (including cash) and debt securities, which are commonly perceived as safe. Three of the most popular investment fund management companies in Poland are taken into account. The second criterion for selection is that the selected fund management companies administrated all types of investment funds. Instead of the original names of the funds we use a brief description of the funds. The full names of the funds are provided in Appendix 1. Simple daily returns were used and some statistics relating to them are provided in Appendix 1. To compute the statistics and results the authors used OxMetrixc 5 software.
To identify particular phases of the business cycle four market indices were taken into consideration: WIG, DAX, RTS, and NASDAQ. It should be stressed that two of them concern developed markets and the other two refer to emerging markets. The identification of certain phases has an arbitrary character and is carried out on the basis of ananalysis of the diagrams modeling the aforementioned indices. It is assumed that if the change of a trend is observed before it occurs in at least three diagrams, then the moment of its occurrence is accepted as the end of the observed phase of business cycle. -IV period (11.08.2011 -IV period (11.08. -25.03.2014 ) is another period of growth after a sudden and short-term collapse of prices in the financial markets. In this period, index values of WIG, DAX and NASDAQ were higher whereas RTS index had a slight risk-off trend. Characteristic for this sub-period was stagnation in the Russian financial market with concurrent growths on the Warsaw Stock Exchange, Frankfurt Stock Exchange and growing prices on over-the-counter stock exchange markets in the USA, Canada and Japan.
In the article, index POLONIA was assumed as the risk-free rate. In the study, there were problems connected with using APARCH models. In most cases, the model APARCH is reduced to GARCH. In addition, it is examined whether the use of the models IGARCH (ENGLE and BOLLERSLEV (1986) ), EGARCH (BOLLERSLEV and MIKKELSEN (1996) ) or GJR (GLOSTEN, JAGANNATHAN, RUNKLE (1993) ) gives better results compared to the GARCH A. Rutkowska-Ziarko, P. Garsztka model. All models are estimated three times, under different assumptions regarding the random component that is normal, t-student and skewed t-student. The final model to estimate VaR was chosen as the best model, meeting the assumptions of stationarity conditional variance and conditional average. However, it is impossible to estimate the parameters of any APARCH -GARCH models for some of the analysed funds (Appendix 2 summarises the best models used in the study). In the first analysed period (the phase of strong growth), risk based on the models of conditional volatility could not be estimated for 6 funds. The problems are numerical in nature and concerned funds with low declared level of risk (cash, bond, debt securities) as well as those with low quantile risk measured with VaR and CVaR estimated on the basis of backtesting, where we assume that each observation has the same probability. For each of the sub-periods, quantile risk measures presented above were estimated.
Further, efficiency ratios of fund management are calculated. Tables 1-4 present values of estimated risk measures, expected rate of return and estimated efficiency using ratio (12). All rates of return shown in the Tables are annualised rates of return on investments in a particular fund, calculated on the basis of daily values of rates of return.
In all the analysed periods, cash funds were characterised by the highest efficiency. In the periods of growth and stabilization, the most profitable were stock funds whereas in the period of decline, cash funds and debt securities, which is in accordance with expectations regarding investment funds.
In the period of a bull market, only one fund had negative efficiency, i.e. PZU Papierów Dłuż. POLONEZ (PZU Government Bond) . Its mean profitability is lower than the mean risk-free rate of return. It is surprising that in the period of strong price growth on financial markets, the highest efficiency characterised in cash and money funds which were also the least profitable. Nonetheless, they were very safe due to the fact that in at least 95% of cases their rates of return are positive.
The expected rate of return on stock funds is several times higher than the rate expected for cash funds. However, the risk associated with stock funds is also very high. The low values of efficiency ratio for stock funds indicate that the obtained rate of return is not sufficiently high for such a high level of risk.
In I period, due to numerical problems, it is impossible to estimate risk measures for APARCH conditional models of volatility. It is concerned with money funds and debt securities. It can be observed that in nearly all cases, estimations of VaR obtained with backtesting are lower than estimations obtained with APARCH models. As for CVaR estimations, the tendency is reversed, which is reflected in higher efficiency of VaR estimated with backtesting as compared with estimations from APARCH models. Efficiency estimations for CVaR are higher for models of conditional volatility. In the period of the market crash, only bond funds and cash funds don't incur losses. However, for two of them, i.e. Arka BZ WBK Ochrony Kapitału (Arka Money Market Fund) and Amplico Obligacji Skarbowych kat. A (Amplico Government Bond), the efficiency ratio is negative. In the case of all stock funds with probability 0,05, investors lost nearly 100% (VaR 0.05 = 0.9999) of the invested capital per year with an average loss level from 58% to 70% per annum (CVaR 0.05 ).
In II period, similar to period I, it is impossible to estimate VaR and CVaR values using APARCH models for all the analysed funds.
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In the period of the bear market, efficiency of funds is evidently lower than in the periods of growth and stabilisation. In the period of the stock market crash, it was only the bond and cash funds that didn't incur any losses. Similarlyin the bull market period, in decline period estimations of VaR obtained with models of conditional volatility are higher than estimations obtained with backtesting. Yet, for CVaR they are lower. In III period, all funds were characterized by positive return and positive efficiency. Nonetheless, in this period the most efficient are cash funds while the least effective are stock funds.
In III period, alike in period I, the most profitable are stock funds. However, one may observe differences in profitability of particular types of stock funds. In period I, the highest rates of return are on funds investing in stocks on developed markets and in Poland, whereas in period III on those funds which invested in the markets of East and Middle East Europe.
In period I and II, estimations of VaR and CVaR with both methods were generally similar. In III period, there were significant discrepancies in the estimations made with various methods of risk measure for the estimated risk Table 4 Fund risk and measures of management efficiency for α = 0. 05, 11.08.2011 -25.03.2014 -phase of further growth on certain part of markets after a short-term crash with VaR. It is particularly noticeable for stock funds, where VaR estimations conducted with APARCH models are often over 10 pts higher than estimations conducted with backtesting. Concurrently, for CVaR these discrepancies are insignificant.
In the final studied period (Tab. 4), there are small discrepancies between profitability of particular funds. The return of stock funds slightly outbalances the return of the remaining types of funds. In this period, PZU Papierów Dłużnych POLONEZ (PZU Government Bond) has a similar return, in some cases even higher when compared with stock funds. Concurrently, VaR and CVaR values estimated with backtesting in period I and IV produced similar results. Amplico Zrówna. Nowa Europa is a very interesting case as it is the only fund which in this period has a mean negative return and negative efficiency ratio.
The ranking of funds with respect to estimated risk and management efficiency, performed on the basis of selected risk measures, is similar. The only change is the position of funds within a group of funds with similar risk level. To evaluate the degree to which the rankings of funds (according to risk measures and efficiency ratios) were similar, correlation coefficients between estimations for the analysed funds were determined (Tab. 5). Estimations of VaR are varied, depending on the assumed definition and method of estimation. On the basis of the results it can be concluded that the ranking of funds due to risk is similar with respect to all variants of VaR taken into consideration in the present study, which is confirmed by values of Pearson's linear correlation coefficients shown in Table 5 .
All values of these coefficients are positive and statistically significant (α = 0.05). As a result, it may be assumed that the analysed investment funds are characterised by a similar model of bottom quantile of rates of return distribution, which can be deduced from the strong correlation between VaR and CVaR.
Conclusions
In all the analysed periods, money funds have the highest efficiency. In the periods of growth and stabilization, the most profitable are stock funds, whereas in the period of decline, cash and debt securities funds offered the highest profitability, which is in tune with the expectations regarding investment funds. The ranking of funds based on particular risk measures is similar.
As expected, funds investing in financial instruments are characterised by a more stable expected rate of return and the lowest risk in all the analysed periods. Contrary to expectations, stock funds in the periods of a bull market on capital markets, despite high expected rates of return, are not ranked high with respect to fund management efficiency. It resulted from the high level of investment risk in those funds.
It is typical of balanced and stable growth funds to regularly obtain low management efficiency evaluations. In II period, low efficiency evaluation also characterised stock funds, which is connected with significant losses in value of these funds. In IV period, the lowest efficiency had funds locating capital in securities listed on Eastern markets, which is related to low rates of return on investments which do not involve lower investment risk.
Risk in IV period is similar to risk in I period. Investment portfolios in funds are similarly diversified with respect to risk, which may imply a stable investment policy of funds. Concurrently, profitability of funds became alike and the differences between stock funds and other funds became insignificant. This also concerned efficiency ratio of fund management.
An interesting conclusion can be drawn with regard to the VaR estimation method. If VaR is estimated in a particular moment of time (with backtesting), it is impossible to acknowledge the advantage of econometric models over backtesting. Estimations of risk measures obtained with two methods for various market situations were similar. As estimation of risk changes applied consistently for time series is of low value for backtesting, in this aspect econometric models gain advantage. On the other hand, estimation with APARCH models was at times impossible, which was of key importance in this study as the goal was to evaluate fund management efficiency in a particular situation on the financial markets. This certainly is a disadvantage which was of less importance to current financial data. Nevertheless, in the case of emerging markets, APARCH models as tools to estimate VaR are not always recommended due to the quality of the available data and frequency of their sampling. As for exchange quotations characterised by long periods of unchanged rates of return (revaluation of fund unit value is carried out every few days, but quotations are published on a daily basis), the natural volatility of time series becomes distorted. As a result, models based on conditional volatility do not allow parameter estimators of sufficient value to be obtained. In the case of the backtesting method, which is based on the frequency of events, disturbances in the volatility of a studied period do not have such a big impact on quantile estimation of risk measure. Therefore, in this study, a simpler and definitely equally effective approach is to apply backtesting to evaluate risk and efficiency of investment funds in a specified market situation. 
